Teopusa koanpoBaHUA

NpuHa bopucosHa NpocBupHuHa

Koabl, npuMepbl KOOOoB

[TopoxpgatwLime maTpuLbl

CMeXHble Knacchl rpynnbl o noarpynne,
Teopema JlarpaHxa

[lekogmnpoBaHue no nuaepy CMeXHOro
Knacca

[lekoanpoBaHue no nNuaepy CMeXXHoro
Kflacca ¢ ucnosb30BaHUEM CUHOPOMOB

Koabl XeMMUHra



Onpenenum Kop, Kak npeacraBrieHme MHOXeCTBa
CUMBONOB CTPOKaMU, COCTOALLNUMN U3 eaUHNL, U
HyIewn.

OTO MHOXXECTBO CUMBOJSI0B OObIYHO BKMKOYaET

bykBbl andpasnTa, UMPpPLI U, Kak NpaBuIio,
onpeaeneHHble KOHTPOMNbHbIE CUMBONbI.

Koabl npeactaBnsatoTcs OMHAapHbIMU CTPOKaAMU C
Lienblo UCNOMb30BaHMA UX KOMNbOTEPaAMK AN
XpaHeHus 1 nepefadn JaHHbIX.



XKenartenbHo, 4TOOBLI KOAbI 0ONagan HEKOTOPbLIMU
CBOUCTBaMM.

Hanbonee Ba)xHOe CBOMCTBO KOoda COCTOUT B TOM,
YTO Korga coobLleHmne KOONPYETCS KaK ABOUYHASA
CTPOKa, COCTOALLAA U3 KOHKaTeEHaLUUN 3NEMEHTOB
Koda, 3Ta KOHKaTeHauus ogHOo3Ha4Ha.

[Tpn gekogmpoBaHUN COODLLEHNA HE OOSTKHO
BO3HMKAaTb NpobnemM ¢ TeM, Kakyto OyKBY
npeacTaBnsieT afieMeHT Koaa. Takom Ko Ha30BEM
OA4HO3HA4YHO AeKoAUpYyeMbIM KOOOM.



CyLLeCTBYET HECKOJTbKO CrOCOO0B AOCTUXKEHUS
3TOWN UEernu.

OauH N3 HUX — KoOupoOBaHUE BCEX CUMBOOB
OBONYHbIMW CTPOKaMun ogHou AnunHbl. Takon koa
Ha3bIBaE€TCSl OFIOKOBbLIM.

Hanpumep, ecnu gnga KoanpoBaHUA KaXXaoro
CUMBOJS1a UCMOSIb3yeTcs 8 BUT, TO N3BECTHO, YTO
Kakgble BOCEMb OUT nNpeacTaBnsoT O4NH CUMBOIT
nepegaBaemMoro coobLleHus.

briokoBbIN KO 0CODEHHO NOMNes3eH npu
OrpaHNYEeHNn ONVHbI Koda Anst KaXgoro
NnocnaHHOro cCMMBona nnn OykBesbl.



Bpyrum cnocobom nocTpoeHusa oaHO3HAYHO
AeKoampyemoro Koaa ABaseTca MCNo/b30BaHMe
npedUKCHOro Koaa.

Kog, C asnaetca npeduKcHbim, ecam obnagaet tem
CBOWCTBOM, YTO 3/1IEMEHT KOAa HE MOXKeT ObITb
Ha4YabHOM CTPOKOW APYroro sNemMeHTa Koaa.
Taknm 0bpa3om, Npu YTEHUU CTPOKU U3 eANHUL, U
Hyneun, nsobpaxatower cmmeon A, Bceraa nssecteH
MOMEHT 3aBepLUEHNA CTPOKMWU.

[MpedPnKCHbIN KOA HAa3bIBAIOT TAKXKe MIHOBEHHbIM
KOAOM.



Ba3sHOBUAHOCTbIO NPedUKCHOTO Koaa ABNAETCS Koma-

KOA.,.
[Mpn ero NCNONb30BaHUN KaXKAbl CUMBON KOAUPYETCH
CTPOKOU U3 eANHULL, B KOHLLE KOTOPOW CTOUT HYAb.

3HAYUT, MHOXXEeCTBO CTPOK KoAa nmeeT BUA,
{0,10,110,11110,111110, ... }.

3TOT KOA UMEeeT ABHbIN HeJOCTaTOK: 31eMeHTbl KoAaa
MOryT 6bITb O4EHb A/IMHHBIMU N 3aHUMaTb HoNbLLOK
obbem NnamaTu.



HacTto Heobxoammo cxxmmaTtb AaHHble, YTOObI
MUHUMU3UPOBATb OObEM NAaMATU AN NX XPaHEHUS
nnn Bpemsa ansi nepeagadn JaHHbIX.

UT0 KacaeTca MMHUMM3aUUmM oobema namMmsTn, TO
Hanodoree apPEKTUBHBIM SBMAETCH KOoA
XadpdmaHa. [Npenmyliectso koga XadpdpmaHa
COCTOUT TaKXe B TOM, YTO 3TO MTHOBEHHbIN KOA.

XOpOLLO N3BECTHLIM NPUMEPOM KOAa,
MUHUMU3NPYIOLLETO BpeMs nepenayun, ABnAeTcs
koa Mopse.



B kopax XadbdmaHa n Mop3se OykBbl M CUMBOIJbI,
KOTOpble BCTpeYaTCcsa Hanbonee 4acTto, UMeKT
boree KOPOTKUM KoA.



B koge Mop3ae bykBbl pasgeneHsl "npobenamun”, a
crnoBa — Tpems "npobenamun”. B gaHHOM criyvae
"npobernbl" — 3TO eANHULbI BDEMEHMW.

Koa Mopae
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B npouecce nepenaym gaHHbIX MOryT BO3HUKATb
OLLUNOKW.

Bce, 4ToO MOXET cTaTh NPUYNHOWN OLLIMOOK,
Ha3blBaeTca HeonpeaeneHHbIM TEPMUHOM "LUyM".

Hanpumep, AaHHble, NoNy4YeHHble OT OTAANeHHOro
KOCMUYECKOro kopabns, HaBepHsika noJBepP>KeHbl
pasfnn4yHOro poaa wymam.



B HekOTOpbIX cny4Yyasx MHTEepeC npeacTaBnsaeT
TONbKO onpeaerieHne Hannymsa onoKu, YTo
COOTBETCTBYET CUTYaLMK nepeaadn JaHHbIX eLe
pas.

Kogbl, obnagatowime CBOMCTBOM OnpeaeneHuns
HanM4unsa ownMOOK, Ha3bIBaAlOTCSH Kogamu,
OOHapyXuBaloLWMUMU OLLNOKMN.



B opyrom cny4dae, korga gaHHble HE MOTyT ObITb
nepegaHbl ewle pas (Hanpumep, gaHHbIe OT
yaaneHHOro KoCMM4Yeckoro Kkopaons), Tpebyetcs
OononHUTENbHaa nHopmauus o0 JaHHbIX C LENbIO
He TONbKO OBHapyXeHUs1, HO U UCNpaBreHUS
OLLUNOKMN.

Koabl, no3sonstowme ncnpaenstb OLLNOKH,
Ha3bIBAlOTCSA KoOgaMu, UCNPaBSIOLWMMU OLLNOKM.



MokeT nokasaTtbcs pPa3yMHbIM BCElraa
NCMOJ1b30BaTb KOAbl C UCMPaBJiIEHUEM OLLMOOK.

[Tpobriema ncrnonb3oBaHUA KOOOB C UCMPaBIEHNEM
OLLUNOOK 1 KOOoB C OOHapyXeHNeM OLLIMDOK COCTOUT
B TOM, YTO OHM OOJTKHbI BKITIOYaThL B CeDS
OOMNOSMHUTENBHYIO MHPOPMAaLNIO, MOSTOMY OHU
ABnAatoTca MmeHee adodPeKTUBHbLIMU B OTHOLLIEHUN
MUHUMU3aUMN 0bbeMa NaMsATH.



K coXxaneHuto, ucnonb3oBaHMe KOOOB C
ncnpasneHnem ownboK N KogoB ¢ ODHapYXXeHUeM
oLIMBOK He aaeT abCconTHOM rapaHTUK TOro, YTO
oLInbKa byaeT ncnpasrieHa Unm obHapyXeHa.



B kayecTBe nepBoro metoaa obHapyXeHnst oLmbokK
PACCMOTPUM OUT KOHTPOSIA YETHOCTMN.

[TpoaeMoHCTpUpyem 3TOT METO Ha NpuMepe Koaa
ASCII.



ASCll-koq aBnaeTcst ONOKOBbIM KOOOM, KOTOPbIN
MCNosnb3yeT 7 OUTOB, NO3TOMY 000N
3aKoOnpoBaHHbLIN CUMMBOIT N306paXkaeTca CTPOKOM
n3 cemu cmmeosos 1 1 0.

Bocbmoun 6uTt gobasnsieTcst Takum obpasom, YTOObI
KOJIM4eCcTBO enHUL, ObIS10 YETHbIM.

[ToaTOMYy, ecnun Kog nepeaaHHOU CTPOKM NONYYeEH C
eOUHCTBEHHOMN OLLNOKON, TO KONMMYECTBO €ANHUL
BbyaeTt HeYeTHbIM, U nony4arenb MHopmMmaLun
NOMMET, YTO NMpounsoLusia owmnbka.



K coxaneHuto, ecriv npon3oLUsio ABe OWnbKKU, nx
Henb34a byaeT obHapyXUTb, MOCKOSIbKY KONMMYECTBO
eOVHUL, ONATb OyOEeT YETHLIM.



Kog ASCII ¢ 6MTOM KOHTpONA YeTHOCTH

K00

00000000
10000001
10000010
00000011
10000100
00000101
00000110
10000111
10001000
00001001
00001010
10001011
00001100
10001101
10001110
00001111
10010000
00010001
00010010
10010011
00010100
10010101
10010110
00010111
00011000
10011001
10011010
10011011
10011100
00011101
00011110
10011111

CUMBOA
NUL
SOH
STX
ETX
EOT
ENQ
ACK
BEL
BS
HT
LF
VT
FF
CR
SO
S
DLE
DCI
DC2
DC3
DC4
NAK
SYN
ETB
CAN
EM
SUB
ESC
FS
GS
RS
US

Kod

10100000
00100001
00100010
10100011
00100100
10100101
10100110
00100111
00101000
10101001
10101010
00101011
10101100
00101101
00101110
10101111
00110000
10110001
10110010
00110011
10110100
00110101
00110110
10110111
10111000
00111001
00111010
10111011
00111100
10111101
10111110
00111111

CUMBOAN
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K00

11000000
01000001
01000010
11000011
01000100
11000101
11000110
01000111
01001000
11001001
11001010
01001011
11001100
01001101
01001110
11001111
01010000
11010001
11010010
01010011
11010100
01010101
01010110
11010111
11011000
01011001
01011010
11011011
01011100
11011101
11011110
01011111

CUMBOA

TN X< CHOOTOUOZIOCRCTTIOTMOUOO®E RO

KoO

01100000
11100001
11100010
01100011
11100100
01100101
01100110
11100111
11101000
01101001
01101010
11101011
01101100
11101101
11101110
01101111
11110000
01110001
01110010
11110011
01110100
11110101
11110110
01110111
01111000
11111001
11111010
01111011
11111100
01111101
01111110
11111111

CUMBON

4
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BaccmoTpuMm KoJ, B KOTOPOM A1 KOAMPOBaHMUA
MCNONb3yeTCA NPOCTOE NOBTOPEHUE KOAUPYEMOM
CTPOKM 3aJaHHOE YNC/IO pas.

Hanpumep, ecam npm KOANPOBAHUN KaXKAYHO CTPOKY
KoAa HYXHO noBTOopuTb oauH pa3, 7o 10110 byger
3akoamnposaHo Kak 1011010110.

Echun npn KOANPOBAHUNU KaXXAYIO CTPOKY KOA4ad HYXKHO

nosToputb ABaxkabl, To 10110 6byaeTt 3akogmnpoBaHoO
Kak 101101011010110.



Ecnn npu kognpoBaHnn Kaxkaas CTpoKa NoBTOpPeEHa
OOWH pa3s, TO B pe3yribTaTe Nnony4yaem Ko
oDHapy>XeHneM oLLINOOK.

Ecnn nponsowna owmbka, TO COOTBETCTBYIOLLME
nos3nuum He dyayT coBnaaaTb.



Hanpmmep, eCJ1 3aKoANpoBaHHaAA CTPOKa MMEET
B4 111111010110111011, TO OLLNOKM UMEKOTCA B
TpeTbeM U B MNOocCrieaHeEM butax.

McnpaBuTb OLLMOKN Mbl HE MOXEM, MOCKOSTbKY HE
3HaeM, B Kakon 13 KOMuUi Kakas owmnodka

NPUCYTCTBYET.
Ecnun kogmnpyemas cTpoka NoBTOpsAeTcA ABaXdbl, TO
nydJlue BCEro BbISIBUTb OLLMOKY.

Ecnu nmeroTcs Tpm Konmm CTPOKK, TO MOXKHO
NCrpaBnUTb Ko NpU HarnnM4mMm eaUHCTBEHHOM
OLLUNOKW.



Ecnu nmeetcs otnnymne B bmutax B
COOTBETCTBYOLMX NO3NLUAX CTPOK, TO BbiIOMpaeTcs
3Ha4YeHne, KOTOPOEe BCTPEYAETCS ABaXKAbI.

Hanpumep, ecnu cTpoka MMeeT ANUNHY 4 U Ham
nepenaHo 110110011101, To BO BTOPOW NO3ULIUN Mbl
OBa pasa nony4vum 1 v oauH pas 0.

Taknm obpasom, npegnonaraem, YTo npaBuIibHOE
3Ha4YeHne paBHO 1, n NpaBUNbHbIM BapUaHTOM
3akogmpoBaHHOWU CTPOKU aBndeTcs 1101.



KOHEeYHOo, ecnn owMbKa noABNAETCA B OAHOM U TON e
NO3MLUN CTPOKK Bonee ogHOro pasa, BO3HMKaeT
npobnema.

Echn cTpoKka NOBTOpEHA TakK, YTO UMEETCA N ee KOMNUM,

TO UCNpaBAeHME OWMOKM AaeT NPaBUAbHbLIN Pe3ynbTaT,
ecnu Npu NOBTOPEHNM OLNDOKa BCTpeYaeTca B O4HOM U

— n
TOUN XKe No3nunnm meHee, Hem l;‘ pas.



@ 3TOro MOMeHTa Mbl byaem npeanonaratb, YTO BCE
CTPOKM KOAa MMEIT PUKCUPOBAHHYIO AJIMHY N, U
byaem TPaKTOBaTb 3TU CTPOKMU KaK BEKTOPbI UK

(1 X n)-maTpuLbl.

CnepoBatenibHO, MOXXHO MCMO/1b30BaTb C/I0XKEeHne
BEKTOPOB.

Onpeaenvm cnoXeHue Nno Moaynto 2, Tak 4Yto
1+1=0.

Taknum obpasom,
11110001 + 10100111 = 01010110.



fcnn B,,— MHOXeCTBO BCEX ABOUYHbIX CTPOK AJIUHbI N,
TO Kog, C — NOAMHOXeCTBO MHOXecCTBa B,,.



HanommnHaHue

[pynna npeacrasnaetr cobon mHoxKectBo (G BMecTe ¢
buHapHOM onepauuen (MM NnponsBegeHNEM) * Ha
G X G, obnapatowen cheayrowmMmm CBOMCTBaAMMU:

1) ax(b=*xc)=(axb)*cpanascexa,buncwusG
(T.e. onepauma * Ha G accoumaTMBHa).

2) B G cywecTByeT anemeHT 1, Ha3biBaemblii
eAUHNLEN, KOTOPbIN 061aaaeT CBOUCTBOM:
a*x1l=1=x*appnascexawusaG.

3) [nA KaxXaoro anemeHTa a u3 mHoxectsa
CyLLeCTBYeT anemeHT a~ ! u3s mHoxecTtsa G,
KOTOPbIX Ha3blBaeTcAa 06 paTHbIM 31eEMEHTOM ANA a
MTako, ytoa*a ' =a l*xa=1.



HanommnHaHue

[doamHoxecTtBo H rpynnbl G ABaAeTcA NOArpynmnou
roynnel G, echn H c Ton Xe camoun onepaumen, yto un G,
TaK)Ke ABNAeTCcA rpynnou.



cnn B,,— MHOXeCTBO BCEX ABOUYHbIX CTPOK AJIUHbI 1,
TO Kog, C — NOAMHOXeCTBO MHOXecTBa B,,.

MHoXecTBO B,, BMecTe C yKa3aHHOMW Bbllle onepauymen
CNOXKeHnA obpasyeT rpynny OTHOCUTENbHO CNOXEHUA.

KarkgaAa cTpoka 13 B,, coBnagaeT co CBOMM 0H6paTHbIM
3N1€MEHTOM, TaK YTO B 3TOM CMbICNE CIOXKEHUE U
BblYMTAHNE — 3TO OAHO U TO XKe.



kopa, C Ha3biBaeTcAa AMHEeUHbIM, ecnun C — noarpynna
rpynnbl B,,.

B npencreutenbHoct C — AIMHEMHOE BEKTOPHOE
NPOCTPAHCTBO.

OaHako, paccmaTtpusasn Kog C, mbl byaem
MCNONb30BaTb 31€Cb TO/IbKO Te cBOMUCTBA, 4YTO C
ABNAETCA rpynnoun n 4Yto anemeHT n3 C — BEKTOP,
NO3TOMY MOXeT ObITb YMHOXEH Ha MaTpuLy
COOTBETCTBYIOLLEro pa3mepa.



ByaeT MCnoNb30BaH TaKMKe 3aKOH AUCTPUOYTUBHOCTM

ANA MaTPULL, COrTacHO KOTOpoMy
AB+C)=AB + AC

ana nobbix matpuy, A, B n C, nponsseaeHmne KOTopblx
onpeaeneHo.



Becom cTpokwM ¢ Koga, 0603HavYaembim wWt(c),
Ha3blBAETCA KONIMYECTBO eANHUL, B CTPOKE.

Hanpumep, ecamc = 1011010, To wt(c) = 4.



Mpeanonoxum, uto umeetca Takaa (k X n)-matpuua
(, YTO ee nepsble K CToNOLOB N CTPOK 06pa3ytoT
eaAnHNYHYI0 maTtpuuy I, pasmepa (k X k), Bce ctonbupi
KOTOPOW pPa3nnYHbI.

Takum obpasom, matpuua G umeet sug, |1, | A,,—x].

Hanpumep,

O R O
_ o O
O R R
N )
_ O

1
G=1]0
0

ABNAETCA TAKOU MaTpULEN.



Matpuua G = |1, | A,,—; | Ha3biBaeTcA noporkgatoueit
MaTpuULen.

PaccMOTPMM CTPOKM NOPOXKAAIOLLEN MaTPULLbl KaK
BEKTOPbI N CTPOKM KOAa.

O603Ha4YMM 3TO MHOXECTBO CTPOK S.

Hanpumep, ana matpuupbl
1 001
G=(0101
00101
S = {100101,010110,001011}.

0
1

1-
0
1.




[dyctb C — Koa, 06pa3oBaHHbIN BCEMU BEKTOPaMMU,
KOTOpble ABAAKTCA KOHEYHbIMM CYMMaMM CTPOK M3 S.

C —noarpynna B,,.

B Hawem npumepe
S = {100101,010110,001011}.

Ctpoky 110011 nonyyaem, cknaapiBaa nepsble ABe
cTpokn n3 S, noatomy 110011 6ynet npuHaanexatsb C.

[oBOpAT, uTO rpynna C nopoXKAaeHa MHOXKeCTBOM S.



[loBOPAT, UTO rpynna C NOpoXaeHa MHOXeCTBOM S.

310 S ABNAETCA TaK¥Ke MUHMMAJIbHbIM MHOMKECTBOM,
nopoxaatowmm Kog C, NOCKONIbKY HUKAKUE 3N1eMEHTbI
n3 S He ABNAIOTCA CYMMaMU APYruxX 3/1IeMeHTOB U3 S.

To, yto rpynna C nopoXaeHa MHOXeCTBOM S,
0603Haumm C = S™.

Kog C supa [I; | A,—i] (T.e. NOPOXKAEHHBIN CTPpOKamM
matpuupl |1, |A,,_i] ) Ha3biBaeTca n, k|-kogom.



Peopema 1

[n, k]-kon, C copepxut 2% cTpok.
J10Ka3aTe/1bCTBO.

Mepsble k 6uTOB cTPOKK U3 C onpeaenatoT snemeHTbl C.

[Mo3uumMKn, B KOTOPbIX HAXOAATCA eANHULbI B NEPBbIX k
6utax cTpokn n3 C, NOKa3bIBAtOT, KaKMe CTPOKN n3 S
ObiN NPOCYMMUPOBAHDI.

Hanpumep, ecam eamHULbI HAXOAATCA B NEPBOM U
TpeTbem butax cTpokn n3 C, TO 3Ta CTPOKa NOJIyYEeHa B
pe3ynbTaTe CAOXKEeHUA NepBOn U TPeTbeN CTPOK Koaa C.



Teopema 1

[n, k]-kon, C copepxut 2% cTpok.

[loka3aTtenbcTBo. lNepsble kK 6UTOB CTPOKU U3 C
onpeaenatoT anemenTsbl C.

[Mo31uMmn, B KOTOPbIX HAXOAATCA €ANHULbI B NePBbIX K
butax cTpoku 3 C, NOKa3bIBAOT, KAKME CTPOKN U3 S
ObiM NPOCYMMUPOBAHDI.

Mockonbky cyuiectsyeT 2% pasanyHbix cnoco6os
chopmmpoBaTh nepsble K 6UTOB, TO B Koge C umeeTca
2% ctpok. m



fecan HeobxoanMMO nepenaTb CTPOKM COODLEHMSA
ONNHbI k, TO Mbl KOANMPYEM UX, YMHOXaA cCnNpaBa Ha

maTtpuuy G.

Takum obpasom, ecimM w = wy{w,o,Ws ... Wy, WU

(W1, Wy, W3, ..., Wi ), TO Mbl KOAMPYEM 3TO cOObLeHME
CTpokou waG.



B Hawem npumepe 3akoampyem 110, nam (1,1,0), Kak
10010 1°

(1,1,0)

manm 110011.

0
L0

1
0

0
1

1
0

1
1

0
1.

— (1I 1) OI OI 1' 1))

3aMeTMM, YTO CTPOKa coobLIeHnA coBnaaaeT C

nepsbiMU TPEMA butamu 3aKO,£I,MPOBaHHOI7I CTPOKMW.



obuwem cnyyae cTpoka coobueHus aAnnHbl k byaeT
coBMNaAaThb C NnepBbiMn k BUTamun 3aKoAUPOBaAHHOM
CTPOKM, MOCKONbKY eANMHUYHAA maTpuua Iy,
obpa3sytoLwana nepsblie kK cTonbuos maTpuULbl

G = I |Ap—xl,

NPOCTO NOBTOPAET UCXOAHYHO CTPOKY.

[TO3TOMY Mbl MOXEM OCYLLECTBAATL AEKOANPOBAHMUE,
B3AB NepBble k 6UTOB 3aKOAMPOBAHHOM CTPOKM.



3aMeTUM TaK¥Ke, 4To Bbiwe, Nnpu ymHoxkeHun (1,1,0) Ha

100101
G=]101011 0|, mbl nony4nnu
001011
(1,1,0,0,1,1) =

=1-(1,00,10,1)+1-(0,1,0,1,1,0) + 0-(0,0,1,0,1,1)
Taknm 0bpa3om, 3aKoaMpOBaHHAA CTPOKA ABNAETCA
CYMMOMN BEKTOPOB U3 MHOKECTBaA

§$ ={100101,010110,001011}

n, cnepoBaTenbHO, NpuHaaneXxut C, nockonbKy C —
rpynna.



obwem cnyyae, ecnm S = (S1,S2,S3, «v) S ) —
MHOECTBO CTPOK NMOPOXKAAOLEN MATPULbI U W =
(W1, Wy, W3, ..., Wy ) — KOZ, COObLLEHUA, TO
3aKoAMpPOBaHHAA CTPOKa MMeeT BU/,

W1S1 + Wy S, + W3S3 + - + W Sp.

OHa npeacTtasnaseT cobom cymmy CTPOK U3 S, TaK KaK
Ka)xgoe w; pasHo nnbo 1, nambo 0 u, chepgosatencHo,
npuHaanexunt C, nockonbky C — rpynna, NnopoxKAeHHas
MHOXeCcTBOM S.



@TMeTUM, yto G umeeTt Bua |1, | A,,—, ] nuTo I}
nepeaaeT coobueHme.

A uto genaet A, _i?

PaccmoTpum CHOBa NpUmep NIeKUnn:
1 00101

G = 0110]
101 1.

0101
0010



echn (wq, w,, W3) — CTpOKa coobuieHus, To
3aKO4MpPOBaHHAA CTPOKa MMeeT BUA

(Wll W, WS)

— (Wl,Wz,W3,W1 + Wz,Wz + W3, W1 + W3)

100111
010110

0 0101T1.:
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. 1
(Wy, wy,ws) | O
L0

= (W, Wy, W3, W1 + Wy, Wy, + W3, Wy + Wg)

Takum obpasom, 4eTBepTbln OBUT 3aKOANPOBAHHOM
CTPOKM A0NKeH bbITb paBeH wy + w,, NATbIN BuUT

LO/IKeH BbITb paBeH W, + W3 U WeCcTon Ut AonxKeH
ObITb paBeH wy + ws.

CnepoBaTenbHO, €CM 3aKOAUPOBAHHAA CTPOKA UMeET
BUa, (W1, Wy, W3, Wy, We, W), TO Wy = Wy + Wy,
Wg = W»H + W3, Wg = Wy + Ws.



fscnn 3aKoAUpPOBaHHAA CTPOKA UMeeT BUA
(W1, Wy, W3, Wy, We, W), TO Wy = Wy + Wy,
Wg = W, + W3, Wg = W1 + W3.

Ecnm ntobana 3akoampoBaHHaA CTPOKa Nocae nepeaaym
He yA0BNETBOPAET 3TUM COOTHOLLUEHUAM, TO MOHATHO,
YTO NpU Nepeaaye NPom3oLLIa OLWNDOKa.



fecnn 3aKoAnpPOBaHHAA CTPOKA UMeeT BUA
(W1, Wy, W3, Wy, We, W), TO Wy = Wy + Wy,
Wg = W, + W3, Wg = Wy + W3.

Hanpumep, ecam nonyyeHa 3akoaAnMpPOBaHHAA CTPOKaA
101100, o, yuntbiBasa, utow; = 1, w, = 0nwy =1,
OO/MNKHblI UMETb, YTO

w, =1=1+0,we=0=0+1,wg=0=1+1.
[TOCKONbKY COOTHOLWEHNE ANA Wt He BbINONAHAETCA, TO
CTaHOBUTCA NMOHATHbIM, YTO MMeeTCA OLnbKa.



RaKnum obpasom, matpuua A,,_j; CAYKUT ANA KOHTpONA
TOYHOCTU Nepegayn AaHHbIX TaK XKe, Kak paHee 3To
nenan buUT KOHTPONA YETHOCTMW.



O6L|.|,€N\ cnydae, eC/int UMeeTCA 3aKOANPOBaAHHAA CTPOKA
WiWorW3 ...Wj ... W, U

"1 0 0 - 0 Aygyr Arkyo - Arn
0 1 0 -+ 0 Agks1r Azks2 -+ Ao2an
R = 0o 01 . Ag,k+1 Ag,k+2 T A3,n
IR | B E
0 0 0 0 1 Aggs1r Axkso Ak n

To anAa i > k umeem
Wi = WiAq; + WAy + wiAgz; + o+ WAy .



Wi —_ W1A1’l’ -+ WZAZ,i -+ W3A3’i + .-+ WkAk,i
anai > k.

3aKoaupoBaHHaA CTPOKA AO/XKHA YyAO0BNETBOPATb
BCemMm 3Tum N — k cooTHoLWweHusam.



@neayowan npobiema — ncnpasneHme owmnbKu, ecnu
N3BECTHO, YTO NPOomn3oLa eanHCTBEHHAA oWMDKa.
N3N10XKEHHbIN HUMKE MEeTO/, N3BECTEH KaK
UCNONb30BaHUE NINAEPOB CMEKHbIX KN1acCoB.

MeToa, 6yaeT NnponnNtoCTPUPOBAH HALLMM NPUMEPOM,
B KOTOPOM

1
G=1]0
L0

o R O
_ o O
O R R
)
_ O




Teopema JlarpaHxa

paCCMOTpMM KO/4, B KOTOPOM ANA KOANPOBAHUA
UCMNOIb3yeTCA NPOCTOE NOBTOPEHUE KO,EI,MpVEMOIZ
CTPOKU 3adHHOE YNC/1O0 Pa3.

Hanpumep, ecam npm KOAMPOBAHUN KaXKaAYIO CTPOKY
KoAa HY*XHO noBTOpPUTL 0AuH pa3, To 10110 byaer
3akoauposaHo Kak 1011010110.

Ecav npu KOAMPOBAHUN KaXKayto CTPOKY KOAa HYXKHO

nosTopuTb ABaxKAbl, To 10110 6yaeT 3akogmnpoBaHo
Kak 101101011010110.



Teopema JlarpaHxa

kOHEYHO, ecnun owKnbKa NOABNAETCA B OAHOM U TON XKe
No3nUUnN CTPOKM Bonee oAHOro pasa, BO3HUKAET
npobnema.

Ecnn cTpoKa NOBTOPEHA TaK, YTO UMEETCA N €€ KONUMN,

TO UCrnpasaeHue OLLNOKM AaeT ﬂpaBMﬂbeIVI PE3Y/1bTaT,
eC/In Npn NOBTOPEHUNU ownbKa BCTPEYaEeTCA B O,£I,H017I U

v n
TOUN XKe No3Nnuynn meHee, Hem {E‘ Pas.



Jlemma 1 ina pukcnposaHHown noarpynnel H rpynnbl G
NneBble CMeXKHble Knaccbl noarpynnel H rpynnel G
obpa3ytoT pazdbuenHue rpynnol G.

MOKa3aTenbCTBO

KaxKabln neBbiv CMEXKHbIWU KNacc HENYCTOM, NOCKO/IbKY
NN NeBOro CMEeXXHOro Knacca a * H anemeHT
a=ax*1 Haxogutcasa * H.



Jlemma 1 ina pukcnposaHHown noarpynnel H rpynnbl G
NneBble CMeXKHble Knaccbl noarpynnel H rpynnel G
obpa3ytoT pazdbuenHue rpynnol G.

HAOKa3aTenbCTBo

Mpeanonoxunm, 4to nepecevyenne a * Hu b x H
HEeNnycToe; NyCcTb 3/1EMEHT C NPUHAANEKUT
nepecevyeHuto.

CneposatenbHo, ¢ = a*h = b * h' ana HekoTopbIx h
mnh' vz H.

YMHOaa ob6e YacTu ypasHeHuA Ha h™ 1, nonyyaem
axh*h *=bxh"xh™ 1

NoaToMy no onpeaeneHunto obpaTHOro snemeHTa
umeem: a = b * (h' * h™1).




Jlemma 1 [1na pukcnposaHHoun noarpynnel H rpynnbl G
NieBble CMeXHble Knaccbl noarpynnel H rpynnbl G
obpa3ytoT pazdbuenHue rpynnol G.

[dogmHoXxecTBo H rpynnbl G ABhAeTCA NOArpynnou
rpynnbl G, ecav H ¢ TOW e camou onepauunen, 4yto un G,

TadKXeE ABNAETCAH I'pYI'II'IOM.



Teopema JlarpaHxa

Hemma 2 Echn G — KOHe4YHaa rpynna n H — noarpynna
rpynnbl (G, TO BCe nNeBble CMEXHble KAaccbl noarpynnbl
H rpynnbl G copepraT 0AHO U TO e KOIMYECTBO
31EMEHTOB, 3 UMEHHO, KO/IMYECTBO 3/IEMEHTOB,
KOTopoe HaxoauTca B noarpynne H.

J10Ka3aTenbCTBo

[ycTb a * H — neBbln CMeXXHbIK Knacc noarpynnsl H u3
G.

Onpeaenum f:H — a * H Takum obpasom: f(h) = a *
h. f —B3aMMHO OAHO3HA4YHOE COOTBETCTBUE, UM
buekuua. m




Teopema JlarpaHxa

Peopema (/larpanik). Echn G — KoHeuyHas rpynna n H —
nogrpynna rpynnol G, To nopaaok H aenut nopagok G.

J10Ka3aTenbCTBO

Echn p —nopanok H, g — KONNMYECTBO NEBbIX CMEXKHbIX
Knaccos H B G n —nopsaaok G, ToO COrnacHoO ABYyM
npeaplaywmm nemmam n = pq.



ldTaK,

1
G=1]0
L0

O R O
_ o O
O R
N
_ O

TAaK 4YTO

¢ = {000000,100101,010110,001011,
110011,011101,101110,111000}.



Becom cTpoKkM ¢ Koga, 06o3Havaembim wt(c),
Ha3bIBAETCA KOIMYECTBO eAMHWLL, B CTPOKE.

Hanpumep, ecan ¢ = 1011010, To wt(c) = 4.



Mpeanonoxunm, 4to umeetca Takaa (k X n)-maTtpuua
G, uTO ee nepsble K cToN6LOB U CTPOK 06pasyioT
eVHUYHY0 MaTtpuuy I, pasmepa (k X k), Bce ctonbupl

KOTOPOW Pa3/INYHbI.

Takum obpasom, matpuua G umeet sug |1 | A,—i].

Hanpumep,

1
G=10
0

o = O
-0 O

ABNAETCA TAKOM MaTpULEMN.

O =
_ = O
_ O =




Matpuua G = [ | A,,_; ] Ha3biBaeTca nopoxaatoLei

MaTpULLEMN.

PaccMoTpum CTPOKM MOPOXKAAOLWEN MAaTPULbI KaK

BEKTOPbLI NJINU CTPOKU KOAA.

O603HauYMM 3TO MHOXECTBO CTPOK S.

Hanpumep, Ana matpuubl
1 0010
G=101011

S = {100101,010110,001011}.
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[loBOPAT, UTO rpynna C NOpoXaeHa MHOXeCTBOM S.

310 S ABNAETCA TaK¥Ke MUHMMAJIbHbIM MHOMKECTBOM,
nopoxaatowmm Kog C, NOCKONIbKY HUKAKUE 3N1eMEHTbI
n3 S He ABNAIOTCA CYMMaMU APYruxX 3/1IeMeHTOB U3 S.

To, yto rpynna C nopoXaeHa MHOXeCTBOM S,
0603Haumm C = S™.

Kog C supa [I; | A,—i] (T.e. NOPOXKAEHHBIN CTPpOKamM
matpuupl |1, |A,,_i] ) Ha3biBaeTca n, k|-kogom.
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Teopema 1

[n, k]-kop, C conepxut 2% cTpok.
J10Ka3aTe/1bCTBO.

Mepsble k 6uToB cTPOKK 13 C onpeaenatoT anemeHTbl C.

[Mo3nunmn, B KOTOPbIX HAX0AATCA eANHULbI B NepBbIX k
6uTax cTpokn 13 C, NOKa3bIBAOT, KAKNE CTPOKU U3 S
6bI M NPOCYMMMPOBAHDI.

Hanpumep, ecam eaMHMLbBI HAXOAATCA B NEPBOM U
TpeTbeM buTtax cTpoku u3 C, To 3Ta CTPOKa No/sy4YeHa B
pe3ynbTaTe CNOXKEHUA NEePBOUN N TpeTbeN CTPOK Koaa C.
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Peopema 1

[n, k]-kon C conepxut 2% cTpok.
[loka3saTenbcTBo. MNepsble k 6UTOB CTPOKU U3 C
onpeaensatoT anemeHTsl C.

[Mo3nummn, B KOTOPbIX HAXOAATCA €ANHULbI B NepBbiX k
6utax cTpoku n3 C, NOKa3bIBalOT, KAKME CTPOKU U3 S
6bl1M NPOCYMMMPOBAHDI.

NocKonbKy cylectayeT 2% pasnnyHbix cnocobos
chopmumpoBaTh nepsble K 6UTOB, To B Koge C umeeTcs
2% cTpok. m



000000

100101

010110

001011

110011

011101

101110

111000

100000

000101

110110

101011

010011

111101

001110

011000

010000

110101

000110

011011

100011

001101

111110

101000

001000

101101

011110

000011

111011

010101

100110

110000

000100

100001

010010

001111

110111

011001

101010

111100

000010

100111

010100

001001

110001

011111

101100

111010

000001

100100

010111

001010

110010

011100

101111

111001

100010

000111

110100

101001

010001

111111

001100

011010




fechn HeobxoaMMmo nepenaTtb CTPOKU COODLLEHUS
ONNHbLI kK, TO Mbl KOAUPYEM UX, YMHOXKAaA cnpaBa Ha

maTtpuuy G.

Takum obpasom, ecaM w = wy{w,o,Ws ... Wi, UM

(W1, Wy, W3, ..., W), TO Mbl KOAMPYEM 3TO cO0bLIEHME
cTpokon wa.



B Hawem npumepe 3akoampyem 110, nam (1,1,0), Kak
10010 1°

(1,1,0)

manm 110011.

0
L0

1
0

0
1

1
0

1
1

0
1.

— (1I 1) OI OI 1’ 1))

3aMeTMM, YTO CTPOKa coobLIeHnA coBnaaaeT C

nepBbiMK TPEMA BUTaMM 3aKOANPOBAHHOMW CTPOKMW.



Myctb C — rpynnosoti koa, a C+ — ABOMCTBEHHbIN emy
KoA.
Teopema 2 CTpoKa t npuHaanexkuT koay C* Toraa u

TO/NIbKO TOrAa, KOraa OHa OPTOrOHa/ibHA KaxKAoW CTPOKe
n3 S, MHOXecTBa NopoXKaatowmx snemeHToB Koaa C.



MOKa3aTenbCTBO

Ecam cTpoKa t npuHaanexkut kogy C+, To oHa
OPTOroHa/sibHa Ka*AoWu CTPOKe 13 MHOXecCTBa S,

MOCKO/IbKY OHa OPTOroHaJ/ibHa Ka*kAou CTPOKe U3 KoAa
CnsS ccC.



MOKa3aTenbCTBO

Npeanonoxum, uto S = {s4, S,, S3, ..., Si,} U CTPOKa t

OPTOroHazibHa CTPOKe S; ANA BCexX S; € S, TadK YTO
t -

s; = 0 pna scex s; € S.

Kaxkabin anemeHT u3 C nmeet Buz,

W1S1 + WS, + W3S3 + = + Wy Sy,

rae Kaxkgoe w; pasHo 1 wam 0.

t

- (W1S; + Wys, + W3S + o + Wi Sp) =

W1 (t - Sl) + Wz(t - Sz) + -+ Wk(t - Sk) =
0+0+--+0=0.m



chm (wq, w,, w3) — CTpOKa coobuieHus, To

MMl MmMlIAVM A ML I /M Fale o "o W o N BV N ) 1 AA A/ A" M™M1a
-




fecn 3aKOAMPOBAHHAA CTPOKA MMEET BUA,
(W1, Wy, W3, Wy, We, W), TO Wy = Wy + Wy,
Wg = W, + W3, Wg = Wy + W3.
Hanpumep, ecam nonyyeHa 3akoaAnMpPOBaHHAA CTPOKaA
101100, o, yuntbiBasa, utow; = 1, w, = 0nwy =1,
OONMKHbI UMETb, YTO

w, =1=1+0,we=0=0+1,wg=0=1+1.

nOCKOI'Ibe COOTHOWEHNE OANA Wg HE BbINONHAETCA, TO
CTaHOBUTCA MNOHATHbIM, YTO UMeEeTCA ownbKa.



TaKum obpaszom, matpuua A,,_j; CAYKUT ANA KOHTPOAA
TOYHOCTM NepeAaym AaHHbIX TaK XKe, KaK paHee 370
aenan 6GUT KOHTPONA YETHOCTM.



® GJ‘Tit=0

Grwyrf + word + ward) =

= w,Gtri + wo,Girl + wyGtrl =

=0+0+4+0=

= 0.

Takum 06pa3om, ecnm yMHOKUTL maTpuuy G Ha
TpaHcno3uumio nboro anemenTa u3 C, 1o nonyuum 0.



B obwem cnyyae, ecnu

p—

G = [I|An—k] =

TO

G+ = [A:z—klIn—k] =

(WY

O = O
- OO

Aj k4
Al,k+2
Al,k+3

O 3
p—d

O 0O

A2,k+1
A2,k+2
A2,k+3

Al,k+1
Ao k11

A3,k+1

Ak,k+1

Al k2
A2,k+2

A3 k2

Ak,k+2

—

Ak k1
Ak,k+2
Ak,k+3

o O




@KanApHoOe NpomsBeaeHue i-oi CTPOKM maTpuLpbl G Ha
j-10 cTpOKy MaTpuupl G pasHO
O+ +0+A4;,;+0++0+A4;,;,+0+-+0=0,

TaK 4YTO B 06LIEM Cayyae
1.t _

rae r} — TpaHCNo3MuUmMA (-0 CTPOKMU MaTpuLbl G.

EcAn yMHOXUTb maTpuuy G Ha TpaHcnosuumio ntoboro
anemeHTa n3 C, TO MICNOb3YyA Te e pPacCyXAeHUA, Mbl
nonyyumm B8 pesynbtate 0.



Wbl TaK}Ke nosiyyaem elle oAnH 3ameyaTeNnbHbli
pe3ynbTar.

Echv gBa anemeHTa by n b, n3 B,, npnHagnexar
O4HOMY WU TOMY }Ke CMeXHOMY Knaccy, obpa3zoBaHHOMY

B B,, c ucnonozosaHuem rpynnol C, 10
Lpt — ~Lpt
G~b; = G~bs.



MOKa3aTenbCTBO

Echv by v b, npuHagnexat oAHOMY CMEXHOMY Knaccy,
T0 by = b, + ¢ ana HeKoToporo ¢ € C.

CneposatenbHo, bt = bl + ct n
G1bl = GL(bS + ¢t) =
= G1hl + Gtct =
=G+b;+0 =
= G1b!,

Tak Kak Gtct = 0 anascexc € C.m



Mockonbky GLht ogHO m TO e ana Bcex b U3 Knacca
CMEXKHOCTU, TO MOXHO BbibpaTb Ntoboe b 13 Knacca

CMEXHOCTU 1 onpeaennTb 3TO 3Ha4YeHue.

Taknm 0bpa3om, B KaXKAyto CTPOKY NpUBEAEHHOM Bbllle
Tabaunubl MOXKHO J00aBUTL 3TO 0DOLEee 3HaYeHume
obpasza G, TaK KaK a1eMeHTbl KaxKa0M CTPOKM
onpeaensatoT KNacC CMEKHOCTH.

Mbl BbibMpaem nnaepa CMeXKHOro Knacca, MoTOMY YTO
OH NPOCTEULLNN, U NOMeELLLaeM 3Ha4YeHue ero obpasa Bo
BTOpoOM cTtonbeu,

3T 3HAYEHUSA Ha3bIBAIOTCA CUHAPOMAMM.
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Y>xe N3BeCTHO, YTO NepPBbI CUHAPOM ECTb
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[1lpogornkaa npouecc, nofydaemM cneaytoLlyto
Tabnuuy.



0

000000 0 100101 | 010110 | 001011 | 110011 | 011101 | 101110 | 111000
0
1

100000 0 000101 | 110110 | 101011 | 010011 j 111101 | 001110 | 011000
1
1

010000 1 110101 { 000110 | 011011 | 100011 | 001101 | 111110 { 101000
0
0

001000 1 101101 | 011110 | 000011 | 111011 | 010101 | 100110 | 110000
1
1

000100 0 100001 | 010010 { 001111 | 110111 | 011001 | 101010 | 111100
0
0

000010 1 100111 | 010100 | 001001 | 110001 | O11111 | 101100 | 111010
0
0

000001 0 100100 | 010111 | 001010 | 110010 | 011100 | 101111 | 111001
1
1

100010 1 000111 | 110100 | 101001 | 010001 | 111111 | 001100 | 011010
1




[MdpeanonoXKnum, 4to nonyyeHa nepesgaHHas CTPOKa
101100.

YMHOXeHue maTpuupl G Ha TpaHCMO3ULMIO CTPOKM

naet
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@1ctoaa cneayet, yto 101100 HaxoauTca B CTpOKe 6.

Ninpep cmexkHoro kKnacca— 000010, sanemeHT KpanHero
nesoro ctonbua ctpoku, cogepxawen 101100.

InemeHT Koga C, pacnoNoXeHHbIN B BEPXHEN CTPOKE
ctondbua, coaepxauwero 101100, pasen 101110.

CornacHo cnocoby noctpoeHuns Tabaunupbl umeem

101100 = 101110 + 000010,

NO3TOMY MOXEeM NMPeanosoKnUTb, YTO NepeaaHHas
ctpoka 101100 ponkHa nmets Bna 101110, n B naTom
bute H6bina ownbKa.



ITOT MeTo, HAaMHOTo BbiCcTpee, NOCKONbKY TpebyeT
TONBbKO YMHOKUTb MaTpuuy G+ Ha TpaHcno3mumio
CTPOKUN-COODOLLEHMA, HAUTU CTPOKY, COAEPIKALLYIO
CUHAPOM, U HAUTKN NepeaaHHoe coobuleHue.

Jlnpep ana aToro coobuweHmna — HAUKaATop owunbKny, a
anemeHT Koga C, pacnonoXeHHbIN B NEPBOMN CTPOKE
cTonbua, coaepKallero nepeagaHHoe coobuleHmne, ectb
ncnpasaeHHoe coobuleHune.



3aMeTM, OIHAKO, YTO NPOLIECC MOXHO caenaTtb
eLle bbicTpee.

[Tpn 3TOM NOTPEBYOTCA TOMLKO ABa MNepPBbIX
cTonbua npuBeaeHHoON Bbille Tabnuubl.



[dpeanonoxxmm, 4to nony4yeHo coobuweHne 110000.
YMHOXeHue matpuubl G Ha ero TpaHcnosuumio aaet
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[loTOMy CUHAOPOM —

001000.

, d JINAep CMeXHOro K/1aCCa —




CuHAapom —

, tnaep cmexHoro knacca—001000.

[TOCKONbKY IMAEep YKa3bIBAET, YTO OWIMOKa NOABMANACHL B
TpeTbem bute, 10, Aobasnaa 001000 Kk 110000,
nonydyaem 111000 — ncnpasneHHbIN KoA.



Paknm obpasom, aTOT MeToA, NPOCT.

YMHOUTb TPAHCNO3MLMIO coobLweHmna Ha maTpuuy G+,
4YTOObl HAUTU CUHAPOM.

[lanee, Hy»KHO HaWUTK ANaepa CMEKHOTO Kaacca U
npnbaBuTb €ro K coobeHmto, YTobbl NONYYUTL
NCNPaBAEHHbIN KoA.

ObpaTnTe BHMMAHME Ha TO, YTO MCMNONb3YIOTCA TO/IbKO
nepsble ABa cToNbua Tabanubi!



@4HaKo, Ternepb BO3HUKNA elle ogHa npobnaema.

Ecam nonyyeHHbIm coobuieHmnem byaeTt cTpokKa

101001,

TO cnHapom byaer

N B COOTBETCTBYIOLLEN CTPOKe byaeT TpU 3n1eMeHTa C

Becom 2.

1

1
1




Bcnomuum, yto ctpoka 100010 6bina BbiOpaHa
NPOWU3BO/bHO.

JTtobaa 13 TaKMX CTPOK PAaBHOBEPOATHO MOXKET
coaeprkaTtb OoWMOBKY, NO3TOMY B JAaHHOM Cay4ae
coBepLUeHHO be3HaAeXHO UCMOoAb30BaTb CUHAPOMbI
ANA NCNpaB/ieHnA OWNOKM.

Kpome Toro, mbl nNbiTaemca B JaHHOM C/ly4yae
NCNPaBUTb CTPOKY C ABYMSA OLLIMOKaMM BMECTO OAHOMN.



B paccmaTtprBaeMoM npmmepe CyLecTBYIOT
onpeneneHHble TPYAHOCTU NMPU NOMNbITKE NCNPaBUTb
Ko ONs HEKOTOPbIX CTPOK, MOCKOMbKY BCe nuaepbl
MMeELoT Bec 1.

OTU TPYAHOCTU YCTPAHSATCA NyTEM
MCNOMb30BaHUA MaTPULIbl, HA3bIBAEMOU MaTPULIEN
XEMMWUHra, B Ka4eCcTBe NnopoxaarLien matpuupbl.



Peopema 1

[n, k]-koa C copepxut 2% ctpok.
[okasaTenbcTBo. MNepsble k 6UTOB CTPOKM U3 C
onpeaenatoT anemeHTbl C.

[Mo3nuymm, B KOTOPbIX HAXOAATCA €AUHMULDBI B NepPBbIX k
6utax cTpokn u3 C, NOKa3bIBAOT, KAKNE CTPOKU U3 S
6blIM NPOCYMMUPOBAHDI.

MockonbKy cywecTayeT 2% pasnnyHbIX cnocobos
chopmmupoBaTh Nepsble K 6UToB, To B Koge C nmeeTcs
2% cTpok. m



fecan HeobxoanMMO nepenaTb CTPOKM COODLEHMSA
ONNHbI k, TO Mbl KOANMPYEM UX, YMHOXaA cCnNpaBa Ha

maTtpuuy G.

Takum obpasom, ecimM w = wy{w,o,Ws ... Wy, WU

(W1, Wy, W3, ..., Wi ), TO Mbl KOAMPYEM 3TO cOObLeHME
CTpokou waG.



Hawem npumepe 3akoaupyem 110, nam (1,1,0), kak

(1,1,0.
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[na naydeHunsa matpuy, XeMMmnHra Heobxogmnmo

MOHATNE PACCTOSIHUA U ero CBA3b C BECOM KaKaoWm
N3 CTPOK.

HayHeM c TeopeMbl 0 Becax CTPOK.



Peopema 3

Ona ctpok c nc' sBecwt(c + ¢') < wt(c) + wt(ch).
J10Ka3aTe/1bCTBO

NycTb ¢ = €{Cy ...Cp U C' = C{Cq ... Cy,.
Echvc; +c¢; =1,T0 nmbo ¢; = 1, nnbo ¢; = 1.

[Mo3TOMY CYLLECTBOBaHUIO KaXkaomn eanHuubl B ¢ + ¢’

COOTBETCTBYET CYyLLecTBOBaHUE eanHULbI NGO B C,
nmbosc'. m



BaccToaHMe XeMMUHra, 1M NPOCTO PACCTOAHMUE
MeXAy ABYMSA CTPOKaMM KOAa € U ¢, UMeoLWmmun
OAMHAKOBYIO AJIMHY, — 3TO YNC/I0 COOTBETCTBYHOLLLNX
6UTOB B CTPOKE, rae ofHa CTPoKa numeet umnopy 1, a

apyraa umeet unodpy 0.

Byaem 0603HayaTb GYHKLUMIO PacCTOAHMA Yepes
5(c,c’).



Manpumep, ecrmc = 101011 m ¢’ = 110010, To
5(c,c') = 3, Tak Kak ABe CTPOKM OTAMYAOTCA BO
BTOPOW, TPETbEN U LLECTON NO3ULUAX.

O4yeBUAHO, YTO YeM DO/bLLE PACCTOAHME MeXAY ABYMSA
CTPOKaMM Koaa, Tem 6onblie oWnOOK MOXKHO

0bOHapyKUTb.

[TocKonbKy 0 Ha3BaHa GYHKLUUEN PACCTOAHUSA, Mbl
NONXHbI MOKAa3aTb, YTO OHa 061a4aeT OCHOBHbIMMU
CBOMCTBaMM PYHKLMUM PACCTOAHUA.



Peopema 4

PYHKUMA pacCToOAHMA XEMMUHIA UMeEEeT caeayroume
CBOWCTBA:

a) ana ctpok ¢ u ¢’ paccroaHue 6(c,c’) = 0 Torna u
TO/IbKO TOrAa, Korga ¢ = ¢';

b) anacrtpok ¢ u ¢’ paccroanne §(c,c’) = 6(c’, c);

c) AnacrtpoKkc, ¢’ uc' BbinonHAeTcA COOTHOLWEHME
5(c,c")< 6@, c)+6(c,c).



MOKa3aTenbCTBO

[MepBble ABa NYHKTA CAeAyioT U3 onpeaeneHus.
[loKkaxkem c).

Onactpokcnuc’’ sBecwt(c+c¢'") =6(c,c”).

rr_rs

Echc = ci¢cy..cypnc’’ =cq'cy ...cp,ToC; + ¢
sHocuT 1 B Bec wt(c + ¢'’) Torga v TonbKo Toraa, Koraa
c;=0unc/' =0.

Ho 3TO BEPHO B TOM M TO/IbKO B TOM C/ly4ae, KOraa c; u
c;' pa3nnuHbl, yto BHocuT 1 B 6(C, c'’).



HAOoKa3aTenbCTBO

3ameTum, Yto ana ntobom cTpoku ¢’ ctpoka ¢’ + ¢’
COCTOUT TONIbKO U3 HYNEWN.

O603HauYmMm TaKyto CTPoKy yepes 0.
0 + ¢ = ¢ pnAa Kaxxaom CTPOKM C.
CnepoBaTenbHoO,

5(c,c"") =wt(c+c") =
wt(c+0+c") =

wt(c+c' +c’"+c") <
wt(c+c') +wt(c'+c") =
5(c,c’)+6(c’,c").



Ba*KHO 3HAaTb MUHMUMANIbHOE PaCCTOAHUE MeXaYy ABYMA

CTPOKaMM KOAa.

Echm C — Koa, To MMHMMmanbHoe pacctoaHue Koaa C,
o603Havaemoe D (C), paBHO HaMMeHbLLEMY
PACCTOAHUIO MeXKAay ABYyMA cTpokamu um3 C.



B npnBeaeHHou ganee teopeme cdopMynmpoBaH
BaXXHbIV KPUTEPUN ONSA onpeaeneHnsa yucna
OLLUNOOK, KOTOPLIE MOTYT ObITb UCMPaBIIEHbI UMK
oDHapy»XeHbI C UCMOb30BaHMEM KOAa.



Peopema 5

Nna kopa C,

a)

b)

ecim D(C) = k + 1, T0 ucnonb3oBaHme Koaa
no3BoaAeT 0ObHapyXnTb BNAOTb A0 k OWKNOOK,;

ecaim D(C) = 2k + 1, To ncnonb3osaHue Koga
No3BoNAET UCNPABUTb BMNIOTb 40 Kk OWNOOK.



MOKa3aTenbCTBO

a) Echrm D(C) = k + 1, To gna gaHHOM cTpoku ¢ € C
OTClo4a cneayeT, YTo C OTANYAEeTCA OT Ntobon apyrom
CTPOKM KoZa no KpanHen mepe B k + 1 no3mumax.

[ToaTOMY, ecnm nepegaHHasa CTPOKa ¢ umeet kK nnum
MeHee oWKnbOK, TO OHa HE MOXKeT BbITb Apyrou
CTPOKOW KoAaa, n ownbKa onpeaeneHa.



HAoKa3aTenbCTBO

b) Ecau cTpoKa ¢ nepenaHa Kak ¢’ ¢ k nam meHee
owmnbkamu, To ana ntobou cTpokn ¢ € C nmeem

5(c,c’) <k.

Echu ansa HekoTopoi ctpokn ¢’ n3 C pacctoaHue
5(c’,c")<k,t08(c,c’")+6(c’,c") < 2k.

Ho 6(c,c") <6(c,c’) +6(c’,c"Ynéd(c,c") = 2k + 1,
4TO MPUBOAUT K NPOTUBOPEYUMIO.

= ¢’ MOXHO UCNPaBUTb Ha C — €MHCTBEHHYIO CTPOKY,
PaccToAHME KOTOPOM OT ¢’ MeHblle, Yyem k + 1. m



Bo3sHuKkaeT npobnema onpeaenexna D (C),
HaMMEHbLLEro PacCToOAHMNA MeXay NtobbIMK ABYMA
CTpOKamu u3 Kopa C.



Teopema 6 MuHnmanoHoe pacctoaHue D(C) Koga C
pasHo W (C) = min{wt(c):c € C u c # 0}.

JloKa3aTenbCTBO

No onpeaenenuto D(C), cywectsytotr w,w' € C TaKue,
5(c,c") =wt(c+c").

c+c'"elC =>W(C) <D(C).

O6patHo, gna ¢ € C umeem wt(c) = wt(c +0) =
0(c,0) = D(C).

CneposaTenbHo, W(C) = D(C).

Otctopa W(C) = D(C).m




3agaHune

a)
b)

C)

[TocTponTb KOO XaMMUHra.

N3yunTb KOppEKTUPYIOLLME CNOCODHOCTM Koaa
X3MMUHra.

[TokasaTb, YTO CMHAOPOMbI YKa3bIiBaOT NO3ULINK
OLLUNOOK.



